This paper studies the global financial crisis and the effect of the crisis on stock market volatility by employing the GJR GARCH model. To demonstrate the influence of crisis on stock returns volatility, a dummy variable was introduced in the GJR GARCH model. It is found that the volatility of mean returns had increased during the post crisis period as compared to the pre-crisis period. The findings also suggest that the recent financial crisis had an adverse impact on mean returns and the volatility in the Indian stock market.
Introduction
The sub-prime lending crisis in US economy spread across the entire world causing a global financial crisis. The financial crisis that originated in USA and shook the world had little impact on Indian stock market, because of the strong economic fundamentals in India and less exposure of Indian stock market to the international equity markets. As a result of U.S. sub-prime lending crisis, foreign institutional investors had to pull out their investments from the Indian stock market. The net outflows of FII were $15,017 million in [2008] [2009] and these outflows affected the Indian stock market considerably.
The regulatory authorities in India were very much concerned about the impact of the global financial crisis on the Indian stock market. A highly volatile market with negative returns would naturally affect the Indian capital market and the Indian economy. Many studies show that volatility stock markets across the world had increased after global financial crisis (Verma & Mahajan, 2012; Ali & Afzal, 2012; Adamu, 2010) . Verma and Nayia Mahajan (2012) found that volatility had been highest during the crisis period and it came down during the post crisis period. Similarly Ali and Muhammad (2012) found recent financial crisis contributed to volatility in stock returns. However, Karunanayake and Brien (2010) state that recent global financial had no any significant impact on stock returns. Therefore it is important to study the impact of global financial crisis on spot market volatility in India.
Some Empirical Evidences
Petr Sed ' (2012) examined the impact of the global financial crisis on Central European stock market volatility by studying the Czech and Polish stock markets. Further the study analyzed the stock volatility in the markets before, during and after the crisis. The study used the Jump-Diffusion GARCH model considering heteroskedasticity which has greater accuracy than simple GARCH type volatility models. The results of this study showed that volatility of the stock markets in these countries had increased during global financial crisis. Rafaqet Ali and Muhammad Afzal (2012) 1997-1998 and 2008-2009 . Using MGARCH model, they found evidence that there was no significant effect on mean returns due to the two crises. The two crises however increased the stock market volatility.
Amir Angabini and Shaista Wasiuzzaman (2010) investigated the US sub-prime crisis and its impact on volatility in the Malaysian stock market by employing the GARCH model. The results of this study provide evidence that the US sub-prime crisis had adversely affected stock returns and increased market volatility.
Soumya Saha and Gagari Chakrabarti (2011) examine global financial crisis and the volatility contagion among the financial markets by using GARCH model. The study covers the period from January 2006 to December 2010. The author considers three sub-periods namely pre-crisis, crisis and post crisis periods. The results indicate presence of volatility spill over but no asymmetric impact between stock to exchange rates and vice-versa during the three sub-periods.
Most of the existing studies have focused on the developed markets. There are no many papers examining the effect of global financial crisis on volatility in the Indian stock market. Hence this study makes an effort to analyze the effect of the global financial crisis on volatility in the Indian stock markets.
Scope of the Study
The impact of global financial crisis on spot market volatility is an interesting subject for regulators and policy makers all over the world. The market volatility may cause borrowing cost to shoot up and also investors may lose confidence in the market. As a result investment activity might be affected. Further, investors may shift to less volatile markets. So it is essential to study the effect of global financial crisis on stock market volatility in India.
Objectives
In light of the scope of the study mentioned above the following objectives were framed.
1) To examine trends of Foreign Institutional Investments in the Indian stock market before and after global financial crisis.
2) To examine the effect of the global financial crisis on volatility in the Indian stock market.
Data and Methodology

Data Description
Daily closing 
Methodology
To check whether a time series was stationary or non-stationary, Dickey and Fuller (1979) and PP Tests were used. The ADF test is based on the estimate of the following regression:
Where, Δ is the first-difference operator, p is lag, α 0 is constant, α 1 and Y ij are parameters and ε t denotes stochastic error term. If γ = 0, then the series is said to have a unit root and is non-stationary.
GJR GARCH model was used for examining the effect of global financial crisis on stock market volatility. An important limitation of GARCH models is that they impose a symmetric volatility response to positive and negative shocks. This is because the conditional variance in the below equation (2) is the magnitude of the lagged residuals and hence does not account for their signs (positive or negative). However, it is to be noted that negative shocks are likely to cause more volatility rises than positive shocks. In the context of equities such asymmetries refer to the leverage effect due to which reduction in the market capitalization of the firm's stock results in a rise in the firm's debt-equity ratio. Consequently, the equity shareholders' perception of risk increases.
The asymmetric response of conditional volatility to information can be captured by including, along with the standard GARCH variables, squared values of ε t-1 when ε t-1 is negative (Gltosan, Jagannathan, & Runkle, 1993) . The following GJR GARCH specification was estimated.
where, I t-1 = 1 if ε t-1 < 0; = 0 other wise.
For a leverage effect γ > 0. The condition for non-negativity would now be α 0 ≥ 0, α 1 ≥ 0, β 1 ≥ 0 and α 1 + γ 1 ≥ 0. In the model, good news (ε t-1 > 0) and bad news (ε t-1 <0), have contrasting impacts on the conditional variance, good news has an effect of β 1 , while bad news has an effect of α 1 + γ 1 . If γ 1 > 0, negative shocks tend to have more volatility, and is known as the leverage effect of the i th order. If γ 1 ≠ 0, the news effect is symmetric.
A dummy variable was introduced in the conditional mean and variance equation so as to investigate the impact of the global financial crisis on the volatility of NSE and BSE. The model modified as per the GJR GARCH approach was specified as,
The dummy variable D1 assumes the value zero for the pre-global financial crisis era and one for the post global financial crisis era. A negative and statistically significant coefficient for the dummy variable implies that the www.ccsenet.org/ass Asian Social Science Vol. 10, No. 10; 2014 global financial crisis caused a reduction in the volatility of the Indian stock market. A positive and statistically significant coefficient for the dummy variable implies that the global financial crisis caused an increase in the volatility of the Indian stock market.
Results and Discussion
To test stationary for five indices of BSE and NSE, ADF and PP tests are employed. The results of ADF are presented in Table1. Since most of the log indices were found to be non-stationary in level form, null hypothesis was accepted. However, log indices were stationary in the first difference. Similar results were observed in the Phillips and Perron test and these are given in same table. Note: *&* Indicates 1% and 5% significance level.
The Table 2 presents basic properties of mean standard deviation, and Jarque Berra .The measures of skewness and kurtosis revealed that the Nifty returns series were skewed and followed a non-normal distribution. The coefficient of skewness was negative for Nifty and Nifty Junior both during both the pre and post financial crisis periods. However, coefficient of skewness was found to be positive for BSE Sensex during both the pre and post financial crisis periods. The daily mean returns for most of indices were positive in the pre-financial crisis period. However, the daily mean returns for most indices were negative in the post financial crisis period. (Refer Appendix A). This indicates that the global financial crisis had an adverse impact on stock returns. The descriptive statistics showed that the standard deviation of most indices had increased in the post crisis period as compared to pre-crisis period. This implies that the volatility of indices from BSE and NSE had increased in the post financial crisis period.
The results of GJR-GARCH models are presented in Table 3 . The coefficients for asymmetric (λ1), ARCH (α1) www.ccsenet.org/ass Asian Social Science Vol. 10, No. 10; 2014 and GARCH (β1) were found to highly significant. The coefficient of ARCH was positive and significant which implies that past news impacts current volatility. So, ARCH effect is present in Nifty series. Further, a coefficient of GARCH (0.46923) was positive and significant which implied that volatility clustering was present in Nifty data. The asymmetric effect captured by λ1 was positive and significant indicating that the presence of asymmetric effect in Nifty series. This implies that negative shocks news tends to increase volatility more than positive shocks. Note: * Indicates 1% significance level.
The study employed the GJR GARCH model to investigate the impact of global financial crisis on spot market volatility. In order capture volatility, a dummy variable was included in the mean and variance equation; D1 takes the value zero and one for pre and post financial crisis period respectively. The results of GJR GARCH model are given Table from 4 to 8.The empirical results show that coefficient of dummy variable for Nifty in the mean equation was negative and significant. The coefficient of dummy variable for BSE Sensex in mean equation was also negative and significant. It indicates that US sub-prime lending crisis had adversely affected the stock returns of the NSE and the BSE. Note: * Indicates 1% significance level. Note: * Indicates 1% significance level.
The coefficient of the dummy variable for most of indices in the variance equation was positive and significant this implies that the spot market volatility in India had increased during recent financial crisis. The results also showed that asymmetric effect was present in the volatility of the stock returns.
Thus the volatility of the most of stock returns had increased during the post crisis period as compared to the pre-crisis period. This was due to the continuous withdrawal foreign institutional investors from Indian stock market. Therefore, foreign and domestic investors had lost confidence in the stock market.
Concluding Remarks
The global financial crisis originated in the United States, spread all over the world, and had a drastic impact on the stock markets in the developed and the emerging economies. The aim of this paper is to analyze the effect of the global financial crisis on the volatility in Indian stock market. Daily closing price of indices in the NSE and the BSE from March 1 st , 2005 to December 30 th 2012 were considered for the analysis. The study employed GJR GRACH model to capture asymmetric volatility of NSE and BSE. Our results demonstrate that negative news causes greater volatility impact than positive news. Our results finally lead us to conclude that the global financial crisis negatively impacted the mean returns and increased the volatility in the Indian stock markets. 
